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Abstract of JP 2002205180 (A) 
PROBLEM TO BE SOLVED: To provide a method 
for laser beam machining, by which a molten point 
or a crack deviant from a planned cutting line on a 
surface of the work to be machined is not generated 
and the work to be machined is accurately cut. 
SOLUTION: A property modification zone is formed 
inside the work 1 to be machined by irradiating the 
planned cutting line 5 with a pulse laser beam L by 
placing the focal point inside the work 1 to be 
machined under a condition that a multiphoton 
absorption takes place. By cutting the work 1 to be 
machined along the planned cutting line 5 originated 
at the property modification zone, the work 1 to be 
machined is cut with a comparatively small force.; 
When irradiated with the laser beam L, the pulse 
laser beam L is scarcely absorbed on the surface 3 
of the work 1 to be machined, thus the surface 3 is 
never melted due to the formation of the property 
modification zone. By changing the location of the 
focal point of the laser beam L in the incident 
direction of the work 1 to be machined, a plurality of 
the property modification zones are formed along a 
line in the direction of the thickness of the work 1 to 
be machined. 
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^trti-TmiEaxsjjWfcfz u— tf yt&mm-tz z:ti^& 

y. ffiE»X»ftttO)«IBf^S^-<>lw}ftoT«rEJPX 

SuEJnxS*ftftilzBai*S*t-& if3fea>WE»x»**B 
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ofcBfffiHT?fcy> @3i±u— tf iPxm<oJtax^fe 1 
rospM^-efe y . U 4 3 iz^-r»BX^!fei 1 iv- 
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So if— y. if^/^ux 

S« ^tt(±i/<;uxa>u— if^fz<fcyjrax*fa«ao>rtSP 
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££^L-Cl>S 0 £9**x#t/ htfjt^y £7?0fi 
«£«:S. *7y9X#7hfl)**JfH:, £^^X*° 

So ^^^*(DM3tLT?^-rr— ^tt^5fe^U>X (C) 
(D«*#1 OOfg. IRQft (MA) so^ii^r-efe 
So — ^^^cDSjfe-e^-r'r— *(4**fflU>X 

(C) ®fi*tf5 0^ HQft (NA) *<0. 5 50Qii^ 
-e&So If— Z'ty— gSJt^l o» (W/cm2) attabv& 

aSA*<**<ftSfz!tL^ ; 5^^X7K^ h^A# 

[00 2 6] ^Sllfe^ffilz^su— if^pxjzfctx 
T. ^5^^««^«fc«fcSJPX»*tto«Bfa>>*- 

* cfcdfz. ***»ft^*i:*jfefr-einx«** 1 coto 
»fc«*jaip**t>-i±r u— tf^Lsmxajwii 1 izjks* 
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^ ^ a^axst^ 1 0i® 3 1 mm 2 i izmm l . n 

1 1 iztt&olztolltt^ltfmH&Zklz&yiinj: 
^«jir^tL^ 0 2jax&^ttSM<t smiths 

[ o o 2 7 ] ( 2 ) ^mmmt<mm^mmm(Dm^ 
»#« <DftmzmitgL%trt>-&T^ mfr£jzteii&m& 
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&ft*m.mz±^Tmmmzi}nm£4%z> 0 ^cotumiz^ 
vmjLttimmtemzmmmmmmmmtsH&o mm 

tzm®ti^?^k=bx*£Z> 0 o*y N «Atf. wea* 
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meem (2000*4^) ©g7 2l-g7 3l(D 

r t°a»/^ux u— tfrzj: ^ v y =3 ><&tax^tti¥§6j 

[0033] &fc\ ->y 3>Ox/\(t 5Slt«l31^igE$ 

*la< y rj > ^7 x / \co m m t mm \zmm-t 3 - f c & 
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x f c * jMsan $ +1 ^> c t \z y mm-t z>m-&i>& 
MizmtitfrnmiztfL^-tzcDi^ -g.mm&MmitLtz 

[0034] ( 3 ) 3cltC4tab<BdT*Xfbfll4ta)*« 



(6) 



#P?!2002-205180 



u— tftfc£iraxstftfti (Wpttftf^x) 6on«(zJK3fc£ 
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l=«fey. 97^««9 (9B) «c«DRr?£9-'f >5fz 
»oTinxj«M*i 1 oi^aJ^a® 3Wififz»**4x*. 

[0038] f Lt, 01 5l=»-j\fc3f:: % 
«9A. 9B^&^^^y^9 l36<e«lz«ft-r-S D PL< 
IW7^^9 1^ £^£««9AA*&|EiB2 1 * 40 
6k *^s/$««9A (9B) **&£9?£1ME9B (9 
A) ^fik ^^'>^««9B3&x?>^iS3^l£3lC^-e*Lg 
^lc^;fi^-^ 0 c*tlc«fcy % tMHFX9*f >5'l=»ofr 
]nx»M 1 om. 1rl£t>*>VlKmkl3iZmzl3i\x % 
tax**** 1 o>JV»^rnf=A < Mtf fc£ 77^9 

aHB-r*f£itxi*Hiln-r*c:fcft< §*Sf::Jrax*fit«i 1 

[0 0 3 9] »±0)*5f=:*«*»«|fzj:4itfttft©^ 
^t/^*«9*»riM-*ztl=J:yipxS«MSi S«K 50 



■r*IBa>iEAta*tBHr*it*Lrt^«. *ot, *H 
*»«6ic«fc*LfiJnx»** 1 ®JE*tf Jttfctt:fc*L*tt* 
•WnxSMMfc 1 <D» 5 £ flU* 9 0 5 * 

^9 1 AS Ll=< 1*4**1:: &Lvc«« JPX»jk*1 

[00 4 0] ftfe. noa5^^^^Mi*9/c«fett-ffl»f 
#Bitfc»** Hott±0>*^**^ 9 

Ell 6fca**\fe?|;: % ^^fSttgAfc*^ 
^/^ilttt9Bfca)IBIC^ J 5-;4r««9C*»*-rS 0 * 

1 c?)s:^^rS] £ sscf r= 1, wwr £ z t # 

[0041] *Mfc#»za3ivr\ Wk<r><? : yv<?m& 
9 it. /^xu— if*L3ft«A»-r*lnx*fjfc*a>A»ffi 

*?£Ll* 0 «x.f*Hl 4fcfclvt\ 5fefz^^-/^««9 
A£»jSU *<D&\^<?3y<7Mm9B&Mf3L-?&o Alt 
®fz»Lri6l^^&|IHIz^v^^ffl«9*^«-r«i 

/^ux ifMj^mz.»mts*itz^^ v$m®9 
y»a**tSo d*Lic«ty % m^te&zti&o^vvm. 

« 9 1i>3 7 h(Z)/^X U— tfftL-ejgflt* 

iot, *U:lMfc*:h.S*^v£«*9* 

[00 4 2] <bl. *361SJM8(::fclvt\ 4HkO)9 7^ 
^««9a>»«jiH*f±±IHlzES**t-r. JPX»ft!|Ja<D 
A*tffifc» LTiSl^A^IRlc»ja: Lt t, «fe L^ L . ^fc 

r=^7^^«tt9B«»Au u— tf*o>A«*ifii*js: 

»l=:LT««fc^^v/7«J*9AS»*f*a>T?**o 
[OO 4 3] tt*a>aJI««»«f=OL^T. 

[0 o 4 4] *HJ£^ffiiz«-5 u— tfaax^&fc 

ffiffl*^*u—1flipxft«a>— «fcot%TKIB-r-5o B 
1 8f±c(DU~- tttraxSMi oo©ftK*«H^i4 8 
u— if Sox^s 1 o o i* % u— if^L^ ai^f £ u— V 
*«1 O 1 U— «f5feL<Dffl*-¥>/^UX«**|IMB-r 
if3fc»l o 1 £*J»-r*U— if#Sffl»W 

3tlft0fpl^^9O o JEiL4ck5^BaB4ttfcy«<^P-f 

1 03t, ^^PY7^S7-1 0 3tS 
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0 7 zmjsmz&mz-tk&t-tbomx'r— *j -\ o 9 

t. tt^1 0 7SXtt*ftl=tt3M-«Y*H&fill=*«iS 
-a--5fci6<DY$6x^-v 1 1 1t, MLWiS 1 O 7 ^XWS. 

: r— i? 113i, C*lf.EOfl)7f-^ 10 9,111, 

1 1 d Wt — 5WP» 1 1st. £<i 

X. <E>o 

[0045] U— tf*»1 O 1 li/^jWl/- tf3tt*«* 10 
■^-*Nd:YA6U— tF-Cfc*. O llzffll^I 

i3W*C#au— tffcLT. C0)«, Nd:YV04U-+f^Nd: 
YLFU— if^^^>-tf^T-T7U— if#fc4 0 
««^*»»3mi*«»«-r-&Jl^ % Nd:YAGU — if % N 
d:YV04 U— if. Nd:YLFU— if *fflL>*<D3b<»iaT?&4o 

if£flll*£(D3&t#5ST*fc<6o 
[oo4 6] aXAPaXMN^nafHttt* »x»ft 

*1*X(Y)*Xf-i?10 9 (1 1 1) fCcfcyX(Y)f*S 

i<z>«ffi3tit3E-ra^ifiifta)-e. iox*r*ttiizAst 

f-v1 1 3*Z«j*filfc»«iS-a:*c:i:lz < fcy, Jnx 
S*gi«3 1 <7>rt u— if *L0)JII*jiiPte*fcii:* - £ # 
t:*#^o of-y. zi^x-x—^ i i 3ic<fcyspx»*«i 
i©j»^*iRi<cfei+s*3feiap<ott»A<iBais*L*o - 

teaxttSt^sfciiafLfcy. n^<Dins¥»<oteSfc 

Hf(fLfcy-r4C4:35^#-So ftfe. ^3tffiU>Xl o 30 
[0 0 4 7] Zttx^f— i?(=j:«lnx»ft«i(D 

J»^*fiircfclt-S*3lfejSPa)ffi«(DSI«lcoi^THl 9 
atfH2 0Sffl^tKWt4o *3SSBI2ffi^tetox»ft 
*©*^*rai=fe(+*U--if*(3!)Jl3fcilfl!>fi[aft. JQX 
xt#lte<D*® LTlPX»jft*a>rt» 
OBfUOfiafcpaJL-C^^o Hi 9 it U— if 5fcL<z>JR 

u>xi 0 5izrs]itTz^ift*i±^i: s ik«jaipa«ffl3 
*6»x»»*ia)rt»r=»»-r*. **j«Pfl!)jpx» 

fc»-r«nox»jkfti comatm-efoz) . .fco-c* u— 

1f*U=S«-«JPX»**1 CDSSf¥^#JtLTZfflX^ 

»=felt**3tejSP0)ffl:«S«W-r*^i:*^#*o 

y. **dP<Dlnxa*ttl<D»:^BI=:felt«Bra© 

fel£ii3^bioxMM 1 a>«»*-e©JEJB aw 50 



k-?2> 0 Z&mm (Nz) *±EBW*-(N) Tr^f^C 

tf=*y*&nfc»»* (z) ett. &ixtt*tti«j* 
[oo48] u-ifiax^mi o ote£ Sl^i 

0 7iz«t**Lfcj)Dx»*fti *Rra*«i3«tyiBwr 

£ n-f vO S^— 1 0 3Stf**ffll/>Xl osfcHi: 

*»±«=E«**tfcwa*ffla>e— ax^u 1 1 9 

1 o 5 hamvzV'iOn* o 3A<E«**t 

tut. e— ax^»j 1 1 or*. wa*«a>tt#» 

* 1 1 9-c«ws«j?*l, za>K»**Lfcqra3it« 

*<£V£n-f ^4r55— 1 0 3XtfjR*fflU>Xl 05 

£I1L, inxMm^i a>«i*rp£^-f > 5 
[0049] is— ifiax^Si o of££ t>{c % t-Ax 

T ttff J 7L it CCD (cha r ge-coup led dev i ce) ± * =5 fe <g> 0 
«K*3e9-f V5*t*t?«IB3«WLfcWa*«a> 

103, tf-AX^'Jv* 1 1 9*3iaiU $g^U>X 
1 2 3-C««**tT««*^1 2 1 -CJHfc**U WIHr 

[ o o 5 o ] i o o i*s & ic % g^rn^ 

* fflisu 1 2 5 <b % u-if jpxgi i o o Att«tm-r 

«Wi-r4cfcizj:y % wa*a>«jft3waffi3fc*aj:a 

[Z-r&o cfcoT. S^T— ^ffiMSPl 2 5f^-h37^ 
hfcLtiltt*, Rr«*0)ft*A«*lii3 
I:ttlt42»xf-91 1 3<DttW=fe^T. if 
*La)*sifejaPt «ffl 3 fcfea-T S<fc 5 u— -WnxSM 
1ttWI4#ttU4. *fc. Jt«-r— *«a»1 2 5 
I*. ^ $Sf3 LT«® 3 <Dfo*iW&W(DWmT 

ai&*t. ^iiaJt&aMi^sti, ^e-^ 1 29 

fcM^tl^o CtulZcty. 2 9 lCttAHtt«tf 

[o o 5 1 ] ^i*«iJi»SP 1 2 TI=I* % xf-JH«W 1 
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7 s — **J&<A;fcU ZLfrt><r>^— $ ^SfcL-CU—if^ 

1 i 5*««-rsctiz ( fey % u— tfinx*«i ooi 
[005 2] ^1 8&tflH2 i *HS& 

[0 0 5 3] JPX»ft«Bl<©3fc»ite»tt*H^L 

1^8101/- If 5fcL£f££i|-£ o 1 £S5E 

-T^> (si o i ) 0 Jnx»ft*iia)»s*a^-r 
JV£0Sl£«X&lMax&fett 1 L 
inx»jM*| 1 <DZ|ft^fp](7)^ffiiM (z) £StS"*-4 

(S103) o z*Ltt. u— if*La>lfc3feAP3&<lnx#«. 

i oz»;friR]a)^»S-efc£o o*y % iraxSHkisn a> 

(7>i4M<±inx^mti 1 a>«*. LrftS-r 
^>o *Xlt»fli-ettlaxjttM i a>P*toa>wmt*m~m 
*j*p*tt«s-&*fc»©*i ^aaco-r— ^^$i3 
#ifif=***P*e:«*-ar-6fc«)a>*2»iii*a>T r — 4? 

[ O O 5 4 ] ftlX*}** 1 £ U— tf JPX^B 1OO01 
S^l O 7|c«£M*T^o fit, ««ffl5KSl 1 7^6 

pra****4-i±"cjipx»ii4iBi $Bfflt* (sio 

5) o JHW*nfc«K*«5-f >5**t?lPX*Jft*1 
— ^^Jt^-X—^^aJ 1 2 5Ctb^ a CCDjt^T 

— $ i=at-3t^r * «lssu i 2 s ttmuaxa i 

(SI 07) . 40 
[0055] Z©lAf- £l±Xif— 1 1 5\Z 

SfnLTZttX-x- y1 1 3$Z|ft^fn36D^iii*-t±^ (S 
1 0 9) o ZLtilz&V* SgUBftail 1 7<Dpraft(Z>J!R 

fcfcivr. /*;ux if *L©jR*jaP(4«ffi 3 icfes-r 

— jMrtt-A.vc* flHft5-f>5S*t?lDi»Ml 

— $ tt±#*NM|I 1 2 7^1X^1 2 9fz3|P, 50 



*U CftfCcfcy^^ 1 2 9lZ«3iT : ^^^-Y>5#5fi(D 
[OOS6] ^»flJ^g{Jl 2 7!:tt?ftXf!y?Sl o 

3 1 *l»Sa>-r-* #A2i fc y s 

i>t. u— ^*La>**jaP3&«jnx»*4fcia>rt»i:tt* 
emi^ zfsx^-vi 1 3fc*yinx»*«Bi ^zis^- 

fi!fcMi*1** (S1 1 1) o ^(DrtSPOXafittjbPXSf 
[O O 5 7 ] U— If** 10 1^b U— +f3fcL£ 

9S±Si±r. u— *f*L*inx»ft4>ifl)*ai3a«0Bf 
*S^-<>5fcR*rt-« 0 u— ifafcLa)*3tejapi4iiox» 

>T > 5 fziB ? £ 5 fzXttX-r— 1 0 9^Y«Xf-y1 
?»5cfc5lclnx»*!BBi <Dtomzl&mir& (Si 1 

3) o »»ffl«««f±mxs*ift 1 o^a5(7)5*>. ii 

[0 0 5 8] SfclZ. Xf^^Sl 1 1 (t^llLtf 2 

MM:©-?— £ Hiout, U—if^L^S^c^P^nx 
»**i©rt«a>*0B3#ififctt4tt«i= % zii&x-x— 

v>1 1 3lzj:yiipx»»!|ft1 *Ztt*|«llz»»*-fr-S (S 
1 1 5) o -t Lt, X-r*?Sl 1 3fcH«HcLTiJnx 
Mfttt 1 0>nttlci«|ta9ffM«»A > r« (S1 1 

7) 0 C(OX^^^T?tt»«ffiS««A<JtaX»ft«0l <D 
[0 0 5 9] S^fz. iPXS*ft*1 £«0Brp£^-f >5 

iz^o-cfflff^ctizcfcy. jnx»*tt 1 £«j»f-rs 

(SI 19) o C*L(3j:y % »lJMl»1tS/'Ja>f 

[O O 6 O] *j|Jfi^»<D3«l**Kffl-r*o 

1 <0rt«fzJfc*jSiP**fclS:T. /^UX U— tf3teL*«W 
V5^cBBS^LTt^^o fit, XfUX^r— S? 1 

og^YifiXT— i?i 1 1 &&mz-ez>ztt~&v^ m 

ifejftPftfflK^S^-f >5f=»oT*«i4lir-Cl**. - 

B'«f*Xfl:fHi«) *«K*3e9-f ^5|c»5«b5f=: 
JPxa*fttti<DMSB(z»MiLTl>*o JoxSWMSkdWBt 
■T-6«Hfl=fir6*a>iBA3W**i > iPXM«.«a*tt;«M 

«« eiB jA fc L X «■? T*5 -f > 5 o r JPXM^^I 
1*»*Cfcl=J:y % tt*M/h***-Ctox»JMfcl ft 
«aw-r4^fc36«-e#*. cixfzjcy, imx»jWfcio« 
SB 3 |z«K*S 5 -f > 5 6^*LfcTjBKtt**t ft«* 
*i±^> C fc <c < JPXSt^fe 1 £«JW-T£ - fc^-C**. 
[O O 6 1 ] *^Jfe^Sfci:^tf % iPXM^fel 1 

(3**^«JRftjEc:*1i:*jfeff^^»X»ft1Jjl COP^ 



(9) 



(§12002-2051 80 



u■-^f*L4<I^i:^if^ftilx**t^^L^(7>■^. fS^M^^/S; 

[0 0 6 2] JSl±KBBLfcJ:3«=*Sllfi»lllZcfc*LfS. 
SPX*Jft*ft i coS® 3 fcfllBr^^ > 5 A* & ^ftfc* 

»»a«i*L*»iii*«*i:4cift< % jnx»ft*i*« 
iitSut^-et^o «fc^r. ipx^ftfti 10 

^♦tfcT»»ft«i*L**iK3W* t s c ^ & < . 

y ^Sf b« y fflt Z i: A<t # -5c 

>36<»*S*tri^SJnxst*iBi*'. EE**^ 

xwftttSfflK-rictfc^y^stt-Bua 

«) (DM t y * fi 13? 1 4 z fc^*4 a 20 
[0 0 6 3] ^Hlfi^ffirZcfcixtt, *PX*f*«D1 

2<-e^3 0 ctilUcfcU . -ttO>3tax»*«ii36^&ft8 

COO 6 4] *fc % *Sa6»»|Z c fc*ifi, JPX*f»|jBl 

©^QKfSPXicu— !f**jBi\*a>T5 % £V-v^>K:fr^ 
* ssi^fcy-f i»^cfc y t«*ajipx3&<Rnft4:3flc-Ba 30 

#Jx_(£\ H2 3lz^-rcfc5(c«IBr^^-r>5 35<tt*t3B: 
M-Cfcott, **16»JlllrJ:*Lfi«I»fliPX^Brffii: 

^ra^o-cafe-SJcofcttis^fiE-rsziiZcfey. jinx 
»ofc*jt*«*<--**:f+-ei*iinx»**i a>wmtm 40 

CO 0 6 6] 

l«x»*»a>affii=*jij^«iKTa9-< >fr 6^*ifcti 

2>o cfcoT. iPX»ft1tot«IK-r*Ctl=J:Uff3B**L 



CO 0 6 7] *fc % U— If ttX^jSlCcfcit 

tf. «»<©*K««*^*^Sctfzj:yiinx»*«is 

Jnx»fttta>»^3Wtttt»*#L^**izfcixTt, % in 
Wt*W ttRf i< rTHI 4: * o 

CHi] ^lllg^fz^^u-ifjinx^iccfcoru- 
[82] mi ic^-ri«ix»*iftia)ii-iiiafc»ofcBrffi 

[H3] *»«»«f=«*l^*jDX*af=J:*U--1f 

jpxaa)jpxaftttG) 5 P ; ffiH"efc4o 

CH 4 ] i3 |z5*-riPX*MMS0> i V- IV*l^»ofcBrS 
[H5] H3lz^iPX»*!|jBa)V-V«lZ}ftofcif®H 

CHI 6] **lft»||f=«4L/— iflnx35ai=J;-3-c«Bf 
*4xfcjpxj*ft«icosF®ig-efeSo 

Cm 7] *sat»«ic«*u— Mnx*tticfcif*** 
3£g<L * ^ £ * t a>H«£S%-^7 

CHI 8 ] *»H£J!&ffi|::«-& U— if *QX;£;£<D|g 1 XfifZ 

fe it « 3taxs*»tt m^m HIT* fe 4 0 

[89] *mMi\mi^m& u— +f jjqx^ com 2 x;niz 

&ft«ttx»*tt®BrSB-e&«. 
[Bio] *H»ffi(c^^u— if *nx*aa>m 3 ig 

f=j3l+«»xafttti<D»fHHT5fc«o 

[mii] **K»«r^««u--ifaDx35tt<D»4xa 

frfci+*»x»£tt©WffiH-efc*a 
[HI 2] *XlK»Sf=fll&U— 1filPx:&&|::J:y«|»r 

^mt!fcSo 

[Bis] ^xiKiuifcfle«u— «ffex£tttcj3rt*L/ 
—if *<o»«fc > y =3 >s«a>Mff a>aai* & a>na« 

[Hi 4] «lft»ttfc««u-ifiiox*asffl^Tln 

[mi 5] mi 4ics^7^^ii«^&atffe9?v 

[mi 6] **jt»«i=«*i^finx3S3ttfflL^rip 
x»»*a>rt»«=* 9 ^^««3W»***tfcJnx»jfc* 

©flfe<D«0)»ttH-e*So 

[mi 7] **JE^si(z«-5u— vtnxjsm&mi^xin 
xSMMtoartttiz* ^ !y ^««3&«»***ifcanx»«* 
<7>* &r=tto>«i<D««H-eft« 0 

[His] u— if *ix*ttr=ttffl-c* 

« u— if»x^ea>-«<Dm*j£m^fc&o 

[819] 1f*(D*3lfcjft3^aiX>»*fl!)«Hrzfi« 
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[120] u— if5teo>jfc3te^A<Jinxafttt(Dnfflicfi:« 

[02 1] **ft»«fc«*u— vmx^asBiwr* 
[022] u—ifipx36raf=*y«i»f 

fe'So 
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